The purpose of this study was to investigate the effect of the level of injury on the serum level of norepinephrine (Nor) and epinephrine (Epi) at rest and after maximal exercise in individuals with paraplegia. Twenty-six male spinal cord-injured subjects with complete paraplegia for at least 9 months were divided into two groups of 13 subjects each according to the level of injury, i.e., T1-T6 and T7-T12. Serum Nor and Epi concentrations were measured by HPLC-ECD, at rest (PRE) and immediately after a maximal ergospirometric test (POST). Statistical analysis was performed using parametric and non-parametric tests. Maximal heart rate, peak oxygen uptake, and PRE and POST Nor were lower in the T1-T6 than in the T7-T12 group (166 ± 28 vs 188 ± 10 bpm; 18.0 ± 6.0 vs 25.8 ± 4.1 ml kg -1 min -1 ; 0.54 ± 0.26 vs 0.99 ± 0.47 nM; 1.48 ± 1.65 vs 3.07 ± 1.44 nM). Both groups presented a significant increase in Nor level after exercise, while only the T7-T12 group showed a significant increase in Epi after exercise (T1-T6: 0.98 ± 0.72 vs 1.11 ± 1.19 nM; T7-T12: 1.24 ± 1.02 vs 1.89 ± 1.57 nM). These data show that individuals with paraplegia above T6 have an attentuated catecholamine release at rest and response to exercise as compared to subjects with injuries below T6, which might prevent a better exercise performance in the former group.
Introduction
The sympathetic nervous system (SNS) controls cardiovascular responses during postural changes and exercise (1) . Physical exercise can impose a significant stress on the organism, and the extent of the response depends on several factors such as exercise intensity and duration and training status of the individual (2) (3) (4) . Catecholamines are both neurotransmitters and hormones, and play a dominant role in helping the individual respond to the stress of exercise (1, 4) . Among these responses are the capacity to control cardiac function and metabolism, to control blood flow in the working muscles, and substrate mobilization and utilization (4) (5) (6) . During the course of a progressive maximal exercise test, peripheral catecholamines increase exponentially with increasing work-load (7) . The measurement of blood norepinephrine (Nor) can be used to estimate SNS activity (8) , since it reflects its release at the nerve terminals (2, 9) . On the other hand, the activity of the adrenal glands can be evaluated by the measurement of blood epinephrine (Epi) (6) .
Spinal cord injury (SCI) above T7 leads to an impairment of the SNS function due to the loss of transmission of efferent signals from supraspinal centers to the periphery, and of afferent signals back to the central nervous system, and its severity depends on the level and completeness of injury (10) (11) (12) . Several investigators have reported lower blood levels of Nor and Epi for quadriplegics at rest (10, 11, 13, 14) , during tilting (10, 15, 16) and exercise (12, 17) . It has already been established that quadriplegics have an impairment of peripheral SNS activation that justifies their lack of catecholamine response to exercise, but they also have a less active muscle mass in the upper extremities that might contribute to these findings.
In recent years some studies have been conducted to evaluate the catecholamine responses to exercise in paraplegics (18, 19) , but discrepancies have been found. Although there is evidence that individuals with paraplegia above T6 have an impaired catecholamine response to tilting (10) and exercise (18) (19) (20) , the degree of such impairment is still controversial, with some authors reporting the absence of a catecholamine response to exercise in individuals with injury above T6 (18) , and others reporting normal Nor release for the same group (19) .
The purpose of this study was to investigate the effect of the level of injury on the serum level of Nor and Epi at rest (PRE) and after maximal exercise (POST) in subjects with different levels of paraplegia.
Material and Methods
Twenty-six subjects with complete SCI (ASIA grade A) (21) with upper motor neuron lesion between T1 and T12 volunteered for the research. All gave their written informed consent to participate in a protocol approved by the Ethics Committee for human experimentation, and each subject was screened by medical history, physical examination, 12-lead resting electrocardiogram and spirometric tests. Subjects with any contraindication for maximal physical activity or taking any medication that could affect the physiological responses to exercise were excluded from the study.
All were males and the cause of injury was traumatic in all but two cases; their age ranged from 17 to 58 years and all had sustained their injury at least 9 months before the study. The subjects were divided into two groups of 13 subjects each according to the level of injury, T1-T6 and T7-T12, and were matched for age, time since injury and weight (Table 1) .
Procedure
The subjects arrived at the laboratory at 8:00 a.m. after a 12-h fast. At arrival, they ate a standard breakfast consisting of 50 g of bread, 10 g of cheese, 10 g of ham and 200 ml of orange juice, in order to avoid exercise-related hypoglycemia. After a 30-min rest, the first blood sample was collected in the sitting position and the exercise test was performed.
All exercise tests were performed with an arm crank ergometer (Cybex MET300, Meadway, MA, USA), with the seat adapted in order to provide maximal stabilization of the trunk during the tests. The incremental test was started with 25 watts and was increased 12.5 watts every 2 min until exhaustion. An open circuit system was used to monitor the ventilatory and metabolic responses. The subjects breathed into a twoway valve (Hans Rudolph, Kansas City, MO, USA) throughout the exercise tests. Expired ventilation rate (l/min), oxygen (O 2 ) and carbon dioxide (CO 2 ) concentrations were measured every 20 s with a Vista Metabolic System (Ventura, CA, USA), and the data were analyzed with a software designed for this purpose (Turbofit, Ventura, CA, USA). Heart rate (HR) was recorded every 5 s with a heart rate monitor (Polar Vantage XL, Kempele, Finland).
Catecholamines
Two blood samples (10 ml) were collected from the antecubital vein at rest and immediately after the exercise test. Serum was obtained after clot retraction on ice (for no longer than 2 h), centrifuged at 1500 g for 30 min and stored at -80 o C until the time for assay (no longer than 2 months). To quantify catecholamines, the sera were previously subjected to the following purification steps: 50 mg of Al 2 O 5 was weighed out in centrifuge tubes and 1-3 ml of serum, 1.0 ml of 2 mol/l Tris-HCl, pH 8.8, and 40 µl (8 ng) of dihydroxybenzylamine were added. The suspension was vortex-mixed for 10 min, the alumina precipitate was washed three times and vortex-mixed with 1.0 ml of water and the catecholamines eluted with 400 µl of 0.1 M perchloric acid after 1 min of vortexmixing. After centrifugation for 3 min at 1500 g, the supernatant was filtered and 20 µl injected into the reverse phase column. To study the recovery of catecholamines during alumina extraction, known amounts of Nor and Epi were added to the sera (40 nmol) before alumina extraction and the mixture was processed as described. Catecholamine concentrations were determined by liquid chromatography with electrochemical detection (HPLC-ECD). The chromatographic parameters employed such as mobile phase, column, standard curves and retention time have been previously described (22, 23) . Using the conditions described, the sera of able-bodied volunteers (N = 22), age-matched to the subjects in the present study, presented values of 1.21 ± 0.51 nM for Nor and 1.04 ± 0.49 nM for Epi (mean ± standard deviation). The recovery rate of catecholamines added to serum was 70% for all catecholamines studied (N = 6). In a previous study from the same laboratory and using the same methodology, intra-assay coef- 
Results

Physiological variables
The physiological characteristics of the subjects are presented in Table 2. V . O 2peak , maximal heart rate (HR max ) and maximal power output (PO max ) were significantly higher in the T7-T12 group than in the T1-T6 group.
Norepinephrine
Comparison of the two groups showed that PRE and POST Nor values were significantly higher in the T7-T12 group than in the T1-T6 group. Both groups showed a significant increase in Nor after maximal exercise (Table 3) .
Epinephrine
The mean Epi values are presented in Table 3 . There were no significant differences between the T1-T6 group and the T7-T12 group pre-exercise. Only the T7-T12 group showed significantly increased Epi values after maximal exercise.
Discussion
For most of the measured data, the T1-T6 group showed lower values than the T7-T12 group, indicating an impairment in the activity of the peripheral SNS in subjects with paraplegia above T6.
In able-bodied subjects, as the intensity of physical activity increased, there is an overall increase in the activity of the SNS and a decrease in the activity of the parasympathetic nervous system (24) (25) (26) , with their balance playing a role in controlling heart rate and contractility, in order to match the cardiovascular response to the intensity of physical activity. The impaired autonomic function in lesions above T6 reduces exercise capacity since it limits cardiac responses such as HR max , contractility of the heart muscle, stroke volume and cardiac output (20, 27, 28) , especially at higher workloads (over 150-160 bpm) when the SNS plays a dominant role (25) . This was further supported in the present study in which HR max , for the T1-T6 than the T7-T12 group, and the values for both groups were consistent with previous reports (27, 28) . At rest, Nor was lower for the T1-T6 group, while the T7-T12 group showed values similar to those obtained for able-bodied subjects in a previous report (22) . Since Nor clearance is normal in persons with SCI (11), these low levels can be attributed to a reduction in peripheral sympathetic nervous activity due to the loss of transmission of impulses from and to supraspinal centers (11, 13) .
Whereas both groups were able to increase serum Nor concentration after maximal exercise, the POST value was significantly lower in the T1-T6 group compared to the T7-T12 group. This finding is similar to those reported by Schmid et al. (19) , while Frey et al. (18) found no significant increment in Nor after maximal exercise for T1-T6 paraplegics. Although subjects in the study conducted by Frey et al. were considered active, their maximal power output was much lower than in our study and Schmids (respectively 34, 59 and 66 watts) and this difference could explain the discrepancy found. Our results are lower than those reported by Schmid et al. (19) for T1-T4 paraplegics (1.48 vs 4.52 nM), probably because of the differences in methodology, since these investigators determined catecholamine concentrations radioenzymatically from arterialized venous blood while we used venous blood from an antecubital vein. The T7-T12 group showed an average threefold increase in Nor similar to able-bodied subjects during wheelchair ergometry (19) but lower than the 5-40-fold increase reported for able-bodied subjects during leg exercise (1, 4, 12) . This is related to the type of exercise, since during maximal exercise Nor secretion is related to the working muscle mass (5, 7, 29) .
Innervation of the adrenal medulla, the primary source of circulating Epi, derives from the T5-T11 levels (12) . The present study showed that only subjects with partially or completely intact adrenal medulla innervation were able to increase serum Epi concentration during exercise, although this concentration was much lower than those reported for able-bodied subjects during arm exercise (6, 29) . Frey et al. (18) obtained similar results when investigating the catecholamine and lactate responses to maximal exercise in paraplegics and tetraplegics; while paraplegics with injuries between T10-T12 demonstrated sympathoadrenal patterns similar to, but lower than those of able-bodied subjects, persons with SCI between C7-T2 exhibited hyposympathoadrenal function and dissociation between catecholamine activity and lactate production, indicating that other compensatory factors contribute to muscle glycogenolysis in individuals with high-level SCI (18) .
Our data show that individuals with paraplegia above T6 have an attentuated catecholamine release at rest and response to exercise as compared to subjects with injuries below T6, which might prevent a better exercise performance in this group.
